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• Originally established as the “Tri-Service CADD/GIS Technology Center” in 
1992 at the Army Waterways Experiment Station, Information Technology 
Laboratory, Vicksburg, Mississippi .

• Established by the Army (including Army Corps of Engineers), Navy, and Air 
Force (i.e, Tri-Services). 

• Center’s name changed to “CADD/GIS Technology Center for facilities, 
infrastructure, and environment” in July, 1999 to reflect a broader mission.

• CADD – Computer Aided Design & Drafting
• GIS – Geographic Information System

CADD/GIS Technology Center
for facilities, infrastructure, and environment



• Participating Department of Defense (DoD) and Federal 
Government Agencies (as of January 2001):

• U.S. Army Corps of Engineers
• U.S. Army
• U.S. Navy
• U.S. Air Force
• U.S. Marines
• National Aeronautics and Space Administration (NASA)
• Defense Logistics Agency (DLA)
• U.S. Coast Guard
• General Services Administration (GSA)
• National Institute of Building Sciences (NIBS)
• U.S. Environmental Protection Agency

Participating DoD and 
Governmental Agencies



CADD/GIS/FM Standards Data Model
(Option 1 concept for initial incorporation of FMSFIE with SDSFIE & A/E/C 
CADD Standards.  Began with TSSDS/TSFMS Release 1.80, February 1999)

SDSFIE  Entity Sets

SDSFIE  Entity  Classes FMSFIE Entity Classes

SDSFIE  Attribute  Tables

SDSFIE  Entity  Types

A/E/C Model File Type

SDSFIE  Entities

FMSFIE  Attribute  Tables

A/E/C Symbol Name

A/E/C Level

Domain Tables & 
Domain Values

A/E/C Attribute Tables 

A/E/C CADD Standards Discipline 
Codes

A/E/C Level/Layer Description

CADD/GIS/FM Standards Compliant Database = One Integrated Relational Database Structure



Center Project No. 96.013 -
Spatial Data Standards 

• The Spatial Data Standards for 
facilities, infrastructure, & 
environment (SDSFIE) are 
CADD/GIS Technology Center 
Project No. 96.013.

• Monthly Status Reports are provided on 
CADD/GIS Technology Center web site 
(http://tsc.wes.army.mil) under 
“Projects”.

• Typically, 2 “SDS Implementation 
Workshops” are provided each year at 
Vicksburg, Mississippi.  See “Classes” 
area of CADD/GIS Technology Center 
web site.

• Download latest release and additional 
SDSFIE information from the 
“Products”, “Standards” area of the 
CADD/GIS Technology Center’s web site. 



Part 3:  Spatial Data Standards for facilities, 
infrastructure, & environment (SDSFIE)

• Provides a standard graphic and nongraphic (database) format and structure for 
GIS implementations at Air Force, Army, Navy, and Marine Corps installations 
and Army Corps of Engineers Civil Works activities.  Also provides a GIS 
standard for use by other Federal, State, and Local Government organizations, 
public utilities; and private industry.      

• Provides a “nonproprietary” standard designed for use with commercially 
available “off-the-shelf” GIS and relational database software. 

• Provides a GIS implementation schema for approved FGDC and DISA geospatial 
related data standards.

• Provides a grouping of geographically referenced (geospatial) features (i.e., 
features which can be depicted graphically on a map at their geographic location 
(coordinate).  Each geospatial feature has an “attached” Attribute Table containing 
pertinent data about the geospatial feature. 

• Called Tri-Service Spatial Data Standards (TSSDS) prior to July 1999.  The 
acronym SDS was used from July 1999 until January 2001.



• The Facility Management 
Standards for facilities, 
infrastructure, & environment 
(FMSFIE) are CADD/GIS 
Technology Center Project No. 
96.015.

• Monthly Status Reports are provided 
on CADD/GIS Technology Center 
web site (http://tsc.wes.army.mil) 
under “Projects”.

• Download latest release and 
additional FMSFIE information 
from the “Products”, “Standards” 
area of the CADD/GIS Technology 
Center’s web site.

Center Project No. 96.015 –
Facility Management Standards



Part 3:  Facility Management Standards for 
facilities, infrastructure, & environment (FMSFIE)

• Provides a standard database format and structure for “business” and event data  
(e.g., inspections, repairs) related to SDSFIE geospatial features and/or A/E/C 
CADD objects, specifically for CADD/GIS Based implementations at Air Force, 
Army, Navy, & Marine Corps installations and Army Corps of Engineers Civil 
Works activities.  Also provides a CADD/GIS Based FM standard for use by other 
Federal, State, and Local Government organizations, public utilities; and private 
industry.      

• Provides a “nonproprietary” standard designed for use with commercially 
available “off-the-shelf” CADD, GIS, FM, and relational database software. 

• Provides a grouping of related attribute tables containing “business and event data. 
• Called Tri-Service Facility Management Standards (TSFMS) prior to July 1999.  

The acronym FMS was used from July 1999 until January 2001.
• The first FMSFIE release was included with the TSSDS/TSFMS Release 1.80, 

which was published on CD-ROM in February 1999.  Releases 1.90 and 1.95 were 
published on CD-ROM in December 1999 and April 2000, respectively.  Release 
2.00 was completed in January 2001.  



Spatial Data Standards (SDSFIE) & 
Facility Management Standards 
(FMSFIE) - Development History

• TSSDS Release 1.20 - November 1993.

• TSSDS Release 1.40 - August 1995.

• TSSDS Release 1.60 - November 1996.

• TSSDS Release 1.70 - August 1997.

• TSSDS Release 1.75 - January 1998.

• TSSDS/TSFMS Release 1.80 - February 1999.

• SDS/FMS Release 1.90 - December 1999

• SDS/FMS Release 1.95 - April 2000

• SDSFIE/FMSFIE Release 2.00 – January 2001



Spatial Data and Facility Management 
Standards - Design Considerations

• Must be compatible with the predominant Commercially 
Available CADD, GIS, & Relational Database Software.

• GIS and CADD Software include:
– ESRI Arc/Info - Bentley MicroStation - ESRI ArcView
– Autodesk Map - Intergraph MGE - Autodesk AutoCAD
– Intergraph GeoMedia - Bentley GeoGraphics

• Relational Database Management System (RDBMS) Software 
includes:

– ANSI Standard Structured Query Language (SQL)
– Informix SQL - Microsoft Access - ESRI SDE
– Oracle SQL - Microsoft SQL Server

• Operating Systems include:
– UNIX
– Windows 95, 98, 2000, and NT



SDSFIE/FMSFIE DATA MODEL 
ORGANIZATION

• Entity Sets

• Entity Classes

• Entity Types (Entities) 
– SDSFIE Geospatial Features (i.e. map objects).

• Attribute Tables
– Database Tables containing attributes (data about the SDSFIe Geospatial 

Features and FMSFIE data).

• Domain Tables
– Common for SDSFIE, FMSFIE, A/E/C CADD Standards. 



SDSFIE/FMSFIE  Data Model 
Organization

• Entity Sets -
• Broad grouping for data management purposes.

• Entity Classes -
• Grouping of data within each Entity Set for Data Management Purposes. 

• Entity Types -
• Grouping of SDS Geospatial Features (i.e., items that appear graphically on a 

map or drawing).  Grouped within each Entity Class. 
– Entities  -

• Items that appear graphically on a map or drawing.  Grouped within each 
Entity Type.  Each Entity Type may have one or more Entities. 

• Attribute Tables -
• Relational database tables containing attribute data.  Grouped within each 

Entity Class.

• Domain Tables -
• Contains lists of “valid” or “permissible” values for specific attributes in an 

Attribute Table.



Size and Complexity -

SDSFIE/FMSFIE Release 2.000



SDSFIE Entity Sets

• Entity Sets (26 Themes in Release 2.000)

Auditory Fauna Soil
Boundary Flora Transportation
Buildings Future Projects        Utilities
Cadastre Geodesy Visual 
Climate Geology
Common Hydrography
Communications Improvements
Cultural Landform 
Demographics Land Status 
Environmental Hazards Military Operations 
Ecology Olfactory 



Spatial Data Standards
Data Model
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Spatial Data Standards Data Model

Entity TypeEntity Type
water_linewater_line

AttributeAttribute
mat_dmat_d

Domain ValueDomain Value

PVCPVC



Spatial Data Standards
Data Model

Water System

Natural Gas

Wastewater Drain Sump

Grease Trap

Septic Tank Capacity

Age

Composition Concrete

Fiberglass

Steel

Entity Class Entity Type Attribute DomainEntity Set

Utilities SDTS (FIPS 173) Data Model



SDSFIE/FMSFIE  Organization – SDSFIE Entity 
Classes

SDSFIE Entity Classes - Grouping of geographically 
referenced (geospatial) features  with “attached” Attribute Tables 
(“graphic”) within an Entity Set. 

SDSFIE Entity 
Type

Entities

SDSFIE 
Attribute Table

Attributes

Point, line, or polygon

colors

linetypes

symbols



SDSFIE Entity Classes

General logical grouping of features within an Entity 
Set for data management  purposes.

Each entity class will be a separate map or drawing 
file and corresponds to the following terms: 

– GRASS (CERL): mapset
– MGE (Intergraph):  category or design file
– ARC/INFO (ESRI):  workspace
– MicroStation (Bentley): design file
– AutoCAD (Autodesk): drawing file



SDSFIE Entity Classes

• Since each entity class corresponds to a map file, 
it can contain up 63 CADD layers (levels).  

– The SDSFIE is designed to be CADD/GIS platform independent, 
which means the standards are designed to work with the most 
limiting of the predominant commercially available CADD/GIS 
platforms which will be used.

– MicroStation accepts up to 63 levels per map file.
– AutoCAD accepts an unlimited number of layers.  



SDSFIE Entity  Types

• Entity Type - The logical name of a type or object that 
can be graphically depicted on a map or drawing. 

• Entity Types - Grouping or collection of like Items 
(entities) that appear graphically on a map or drawing.

• Grouped within each Entity Class.
• Each entity type has a corresponding attribute table (i.e., 

database table containing information concerning the 
entity type).



SDSFIE Entities 

• Items (features) which appear graphically on a 
map or drawing.  An Entity can be represented as 
a:
– Point - A single point representing the 

geographical location of a feature.

– String/Chain - A line.

– Boundary (G/GT Polygon) - The line string 
which  outlines the perimeter of an area.



GIS Data Elements

• Point/Node

• String/Chain/Line/Arc

• Boundary/Area/Polygon



SDSFIE Entities

• Representation:
– MGE (Intergraph):  A single graphic feature.

– MicroStation (Bentley) & AutoCAD (Autodesk):   on 
individual levels and layers, respectively.

– ARC/INFO (ESRI):  defined and available as a query 
object using  the discriminator attribute in the attribute 
table.



SDSFIE Entities

• The SDSFIE specifies:
– Line styles/types for boundary and string/chain entities.
– Level/layer assignments for all entity feature types.
– Text size, font, and placement.
– Colors.
– Symbol libraries.



FMSFIE Entity Classes - Grouping of related facility management 
Attribute Tables (“nongraphic”) within an Entity Set.  The FM Attribute Tables 
provide data concerning events (e.g., inspections, repairs), and additional information, 
related to SDSFIE geospatial features and/or A/E/C CADD Objects.   

FMSFIE 
Attribute Table Attributes

SDSFIE, A/E/C CADD, 
and other FMSFIE 

Attribute Tables
Joins

FMSFIE Entity Classes



SDSFIE & FMSFIE 
ATTRIBUTE  TABLES

• A relational database table containing non-graphic 
information, or attribute data.

• SDSFIE - A “Graphic” attribute table is linked to a graphic 
entity, and contains data describing the graphic entity, 
along with other data and relationships required for 
geospatial and relational analysis.

• FMSFIE - A “Nongraphic” attribute table contains data 
required for a “business process”, or function, along with 
data and and relationships which may be queried for 
geospatial and relational analysis.









DOMAIN  TABLES

• Contains lists of permissible values for specific 
attributes.

• Provides a finite set of “valid” or “allowable” 
values, and may be enlarged as necessary.

• Includes units of measure, materials, methods, 
dispositions, classes, status, phase, etc.



JOIN RELATIONSHIPS 
BETWEEN RDBMS TABLES



env_haz_sites

ENTITY CLASS

ENTITY SET
ENVIRONMENTAL HAZARDS

env_haz_building_env_concern

env_haz_characterization

env_haz_hazmat_hazwaste

env_haz_groundwater_pollution

environmental restoration site

environmental regulated facility site
superfund site

potential concern site

DoD formerly used defense site

ENTITY TYPE

Example SDSFIE Structure

Environmental Restoration Site - A geographic area 

where an active environmental study or project is

underway to remediate pollutants located in the 

soil, sediment, surface water, or groundwater.



ENTITY

Irp point

Irp boundary (polygon)

Irp centroid

Irp text

Irp attribute

Example Structure
ENTITY TYPE

environmental restoration site

environmental regulated facility site
superfund site

potential concern site

DoD formerly used defense site

TABLE
ehsitirp

ATTRIBUTES  (fields)

datalink

sitirp_id

meta_id

hrs_score

site_name

Environmental Restoration Site 
category

DOMAIN TABLE
Environmental restoration 
site category

DOMAIN 
VALUE

IRP DoD Installation restoration program site 
ER
FUDS

SUPERFUND
BRAC

environmental restoration site 
DoD formerly used defense program er site 

Superfund er site 
DoD base relocation & closure er site 



Environmental

Hazards

Entity Set
Entity Class
Characterization

Entity Type
Field Sample Collection

Location

Entities

Soil

Sediment

Surface Water

Groundwater

Air

Biological

Solid

Waste

Attribute

Location Category

Domains

Borehole
Monitoring Well

(in an Attribute Table)

(in a Domain Table)



Example SDSFIE Structure



GIS and Map Development 
Considerations

• Accuracy of the data depends upon the source of the data   
(e.g., physical surveys, aerial photography, scanned drawings, 
GPS, etc.) and the target map plot scale.  The higher the 
accuracy, the higher the cost of data acquisition. 

• All CADD files (which will be used for GIS & map 
development) should be developed in actual (real world) size, 
or scale.  

• The same origin, datum, and coordinate system should be 
used for all CADD files (which will be used for GIS & map 
development) for a specific project or installation.  



GIS & Map Development 
Considerations

• Two general categories of target map plot scales:

– Small Scale Maps:  Includes maps with plotted map scales of 1:62,500 or 
1 inch = 5,208 feet or smaller.  USGS quadrangle maps, etc.  

– Large Scale Maps:  Includes maps or drawings with plotted map scales 
greater than 1 inch = 5,208 feet.  Municipal, utility, master plans, base 
comprehensive plans, construction drawings, etc.  



GIS & Map Development 
Considerations

• Entities (i.e., features and objects) can be depicted 
differently at different target map plot scales.

– For example, an Installation Program (IRP) Site would be depicted as a 
point feature (with a symbol) on a small scale map.  The same IRP site 
would be depicted as a boundary feature on a large scale map with a 
scale of 1 inch = 100 feet.



DoD Installation 
Restoration 
Program (IRP) 
Sites are 
depicted as point 
features (with an 
associated symbol) 
on this map.  
The same IRP site 
might be depicted 
as a boundary 
(polygon) feature 
on a large scale 
map with a scale of 
1 inch = 100 feet.

GIS & Map Development 
Considerations



Map Plot Scale and Geospatial 
Data

Transportation Example

Road Area

Shoulder Area

Driveway Area

Sidewalk Area

Large Scale (TSSDS)
<= 1:24000

Curb

Small Scale (FGDC Transportation Subcommittee)
>= 1:24000

Road Centerline Nodal Endpoint



CADD/GIS/FM Standards for Facilities, Infrastructure, & Environment (FIE) 
Data Model

(Option 2 Concept for incorporation of “transactional” FMSFIE with SDSFIE & A/E/C Standards.  
Development of FMSFIE Entity Sets began in Fiscal Year 2001)

SDSFIE 
Entity Sets

SDSFIE  Entity  Classes FMSFIE Classes

SDSFIE  Data  Tables
& Attributes

SDSFIE  Entity  Types

A/E/C Model File Type

SDSFIE  Entities

FMSFIE & A/E/C CADD  
Data Tables  & Attributes

A/E/C Symbol Name

A/E/C Level

Domain Tables & 
Domain Values

A/E/C CADD Standards 
Discipline Codes

A/E/C Level/Layer 
Description

CADD/GIS/FM Standards Compliant Database = One Integrated Relational Database Structure

a FMSFIE 
Entity Sets

FMSFIE Subclasses



Bobby G. Carpenter, P.E.
Environmental Engineer

CADD/GIS Technology Center
for facilities, infrastructure, and environment

CEERD-ID-C
Army Engineer Research and Development Center

at Waterways Experiment Station
3909 Halls Ferry Road

Vicksburg, MS 39180-6199

phone:  601-634-4572
fax:  601-634-4584

E-mail: carpenb@wes.army.mil

CADD/GIS Technology  Center Internet URL : http://tsc.wes.army.mil


